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(S7) Abstract 

In a data processing system (10) having linked lists (400. 400'. 500. 500') U is useful to be able to add and delete items 
irom such lists (400. 400*. 500, 500^ while maintaining the integri^ of the linked nature of such lists (400 400" 500 500')- A 
new coinpare and swap instruction provides for effectively simuluneously swapping 2 values which is useful for safely ad- 
ding and delenng items (404, 512) from linked lisu (400. 400'. 500, 500*). Prior to the instruction the status of the two values =" 
are read at the loeauons to be swapped. During the instruction these locations are checked again to ensure that no change i 
fi!L!f!3?r**^ " th«e looiaons before the instruction performs the swap of the two new values. The instruction then per- : 
ronrn tiie proposed 2 value swap but only if no change has occurred at these two locations where the swap is to be per- : 
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METHOD AND APPARATUS FOR A COMPARE AND SWAP INSTRUCTION 



Field of the invention 

The subject application relates to instructions for 
data processors, and more particularly, to instructions for 
manipulating Items in a list in a data processor. 



Background of the Invention 

One aspect typical of a data processing system is 
operating with lists. Each list is comprised of a number 
of items. Each item is something to be performed or used 
by the data processing system. Items are typically 
processes, data, programs, or subroutines. One way of 
keeping track of a list is to have a head pointer and a 
tail pointer for each list. The head pointer points to the 
first item in the list. The tail pointer points to the 
last item in the list. In a singly-linked list the first 
item has a next pointer which points to the next item in 
the list which is then the second item in the list. The 
second item has also a next pointer which points at the 
item which follows next after the second item which is then 
the third item. The third item similarly has a next 
pointer which points at the fourth item, and so forth to 
the last item in the list. The last item also has a next 
pointer., but since it is the last item, its next pointer is 
typically null (all zeros). 

Another type of list which offers advantages relative 
to speed of traversing the list is the doubly-linked list. 
In such a list each item has not only a next pointer but 
also a back pointer. The back pointer Is used to poin^ 
just ahead in the list. For example, the back pointer of 
the third item in the list poihts to the second item while 
the next pointer of the third item points to the fourth 
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item. The last item's next pointer is still null while its 
back pointer points to the next-to-last item, assviming of 
course that the list has more than one item. For the first 
item in the list the back pointer is null in view of there 
being no item ahead of it, -and the next pointer points to 
the second item. 

During the operation of the data processing system it 
is desirable to add and delete items from lists. One 
technique that has been developed in a mainframe data 
processing system for such an operation for singly-linked 
lists is an instruction called "compare and swap". The 
instruction can be used to cause the proper adjustment to 
the head pointer of the list so that an item can be added 
or deleted at the head of the list. Before the compare and 
swap instruction is excuted, however, the address in the 
head pointer is read and stored. Then if, for exan^le, a 
new item is to be added, a swap value which can be 
substituted into the head pointer is prepared. This swap 
value when so substituted will cause the header pointer to 
point at the new item. The preparation of the new item 
includes causing its next pointer to point at the next 
following item which is the item which is at the head of 
the list prior to the addition of the new item. After the 
new item is ready, the stored address is compared to the 
address in the head pointer to make sure they are still the 
sane. During the preparation of the new item, the list may 
have been altered causing the next pointer of the preceding 
item to also have been altered. If the compared addresses 
are different, the process must start over. If the 
compared addresses are the same, an address pointing to the 
new item (the swap value) is inserted into the next pointer 
of the preceding item, thus effecting the addition of the 
new item. As previously stated, lists often have tail and 
head pointers for assisting in keeping track of the lists. 
Such a compare and swap operation is not effective for 
adding or deleting at the end of the list ev n when the 
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list has head and tail pointers. This is because not only 
the tail pointer must be changed but also the former last 
item must be changed to point at the new last item. This 
has not been available. Similarly, insertion and deletion 
was not available in the middle of a list because the item 
that is to point at the new item (in the case of a new item 
being added) may have been moved to a different list. 
Consequently, the compare test may be passed but the new 
item would be inserted into the wrong list. 



Summary of the Invention 

An object of the subject invention is to provide an 
improved compare and swap instruction. 

Another object of the invention is to provide an 
improved technique for changing two values in a data 
processing system. 

Yet another object of the invention is to provide an 
improved technique for manipulating linked lists in a data 
processing system. , . 

These and other objects of the invention are achieved 
in a data processor in which two values are to be changed 
effectively simultaneously. A first compare value is read 
at a first location where a value is to be changed. A 
second compare value is read at a second location where a 
value is to be changed. A first swap value is stored which 
is the value to be substituted for the value at the first 
location. A second swap value is stored which is the value 
to he substituted for the value at the second location. An 
instruction which is uninterruptable can then commence. 
The instruction compares the first compare value to the 
value present at the first location, and the second compare 
value to the value present at the second location. If the 
first and second compare values are the same as the 
respective values at the first and second location, the 
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first swap value is input to the first location, and the 
second swap value is input to the second location. 



Brief Description of the Drawings 

FIG. 1 is a block diagram of a data processing system 
useful for implementing the invention; 

PIG. 2 is a block diagram of the data processor of PIG. 

1; 

PIG.s 3A and '38, placed top to bottom, comprise a 
micro-control flow diagram according to a preferred 
embodiment of the invention; 

FZG.s 4A and- 4B are diagrams of doubly-linked lists 
useful for understanding how to use the present invention 
to add or delete an item at an end of a doubly-linked list; 
and 

PIG.s 5A and 5B are diagrams of singly-linked lists 
useful for understanding how to add or delete an item at 
the middle of a singly-linked list. 



Description of the Invention 

Shown in Figure 1 is a data processing system 10 
wherein logical addresses (LADDR) issued by a data 
processor (DP) 12 are mapped by a memory management unit 
(MMD) 14 to a corresponding physical address (PADDR) for 
output on a physical bus (PBOS) 16. Simultaneously, the 
various logical access control signals (LCNTL) provided by 
DP 12 to control the access are converted to appropriately 
timed physical access control signals (PCNTL) by a modifier 
unit 18 under the control of mmo 14. dp 12 is an example 
of a data processor which is capable of implementing the 
present invention relating to compare and swap 
instructions. 
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In response to a particular range of physical addresses 
(PADOR) , memory 20 will cooperate with an error detection 
and correction circuit (EDAC) 22 to exchange data (DATA) 
with DP 12 in synchronization with the physical access 
control signals (PCNTL) on -PBOS 16. Opon detecting an. 

rror in the data, EDAC 22 will either signal a bus error 
(BERR) or request DP 12 to retry (RETRY) the exchange, 
depending upon the type of error. 

In response to a different physical address, mass 
storage interface 24 will cooperate with MP 12 to transfer 
data to or from mass storage 26. if an error occurs during 
the transfer, interface 24 may signal a bus error (BERR) 
or, if appropriate, request a retry (RETRY). 

In the event that the MMD 14 is unable to map a 
particular logic address (LADDR) into a corresponding 
physical address (PADDR) , the MMO 14 will signal an access 
fault (FAULT). As a check for MMO 14, a watchdog timer 28 
may be provided to signal a bus error (BERR) if no physical 
device has responded to a physical address (PADDR) within a 
suitable time period relative to the physical access 
control signals (PCNTL) • 

If, during a data access bus cycle, a RETRY is 
requested, OR gates 30 and 32 will respectively activate 
the BERR and HALT inputs of DP 12. in response to the 
simultaneous activation of both the BERR and HALT inputs 
thereof during a DP-controlled bus cycle, DP 12 will abort 
the current bus cycle and, upon the termination of the 
RETRY signal, retry the cycle. 

If desired, operation of DP 12 may be externally 
controlled by judicious use of a HALT signal, m response 
to the activation of only the HALT input thereof via OR 
gate 32, DP 12 will halt at the end of the current bus 
cycle, and will resume operation only upon the termination 
of the HALT signal. 
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In response to the activation of only the BERR input 
thereof during a processor-controlled bus cycle, DP 12 will 
abort the current bus cycle, internally save the contents 
of the status register , enter the supervisor state, turn 
off the trace state if on, "and generate a bus error vector 
ntamber. DP 12 will then stack into a supervisor stack area 
in memory 20 a block of Information which reflects the 
current internal context of the processor, and then use the 
vector number to branch to an error handling portion of the 
supervisor program. 

Op to this point, the operation of DP 12 is identical 
to the operation of Motorola's MC68000 microprocessor. 
However, DP 12 differs from the MC68000 in the amount of 
information which is stacked in response to the assertion 
of BERR. The information stacked by the MC68000 consists 
of: the saved status register, the current contents of the 
program counter, the contents of the instruction register 
which is usually the first word of the currently executing 
instruction, the logical address which was being accessed 
by the aborted bus cycle, and the characteristics of the 
aborted bus cycle, i.e. read/write, instruction/data and 
function code. in addition to the above information, DP 12 
is constructed to stack much more information about the 
internal machine state, if the exception handler is 
successful in resolving the error, the last instruction 
thereof will return control of DP 12 to the aborted 
program. During the execution of this instruction, the 
additional stacked information is retrieved and loaded into 
the appropriate portions of DP 12 to restore the state 
which existed at the time the bus error occurred. 

The preferred operation of DP 12 will be described with 
reference to Figure .2 which illustrates the internal 
organization of a microprogranmiable embodiment of DP 12. 
Since the illustrated form of DP 12 is very similar to the 
Motorola MC68000. microprocessor described in detail in the 
several o.S. Patents cited hereafter, the common operation 
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aspects will be described rather broadly, once a general 
understanding of the internal architecture of op 12 is 
established, the discussion will focus on the unique 
compare and swap feature of the present invention. 

The OP 12, like the HC66000, is a pipelined, 
microprogrammed data processor. In a pipelined processor, 
each instruction is typically fetched during the execution 
of the preceding instruction, and the Interpretation of the 
fetched instruction usually begins before the end of the 
preceding instruction. In a microprogrammed data 
processor, each instruction Is typically fetched during the 
execution of the preceding instri&ction, and the 
interpretation of the fetched instruction usually begins 
before the end of the preceding instruction, in a 
microprogrammed data processor, each instruction is 
executed as a sequence of microinstructions which perform 
small pieces of the operation defined by the instruction. 
If desired, user instructions may be thought of as 
macroinstructions to avoid confusion with the 
microinstructions, in the MC68000 and DP 12, each 
microinstruction comprises a microword which controls 
microinstruction sequencing and function code generation, 
and a corresponding nanoword which controls the actual 
routing of information between functional units and the 
actuation of special function units within DP 12. with 
this in mind, a typical Instruction execution cycle will be 
described. 

At an appropriate time during the execution of each 
instruction,, a prefetch microinstruction will be executed. 
The microword portion thereof will, upon being loaded from 
micro ROM 34 into micro ROM output latch 36, enable 
function code buffers 38 to output a function code (PC) 
portion of the logical address (LAOOR) indicating an 
instruction cycle. Opon being simultaneously loaded from 
nano ROM 40 into nano ROM output latch 42, the 
corresponding nanoword requests bus controller 44 to 
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perform an instruction fetch bus cycle, and instructs 
execution unit 46 to provide the logical address of the 
first word of the next instruction to address buffers 48. 
Upon obtaining control of the PBUS 16, bus controller 44 
will enable address buffers" 48 to output the address 
portion of the logical address (LAOOR) . Shortly 
thereafter, bus controller 44 will provide appropriate data 
strobes (some of the LCNTL signals) to activate memory 20. 
When the memory 20 has provided the requested information, 
bus controller 44 enables instruction register capture 
(IRC) 50 to input the first word of the next instruction 
from PBOS 16. At a later point in the execution of the 
current instruction, another microinstruction will be 
executed to transfer the first word of the next instruction 
from IRC 50 Into instruction register (IR) 52, and to load 
the next word from memory 20 into IRC 50. Depending upon 
the type of instruction in IR 52, the word in IRC 50 may be 
immediate data, the address of an operand, or the first 
word of a subsequent Instruction. Details of the 
instruction set and the microinstruction sequences thereof 
are setforth* fully in O.S. Patent No. 4,325,121 entitled 
"Two Level Control Store for Microprogrammed Data 
Processor" issued 13 April 1982 to Gunter et al, and which 
is hereby Incorporated by reference. 

As soon as the first word of the next instruction has 
been loaded into IR 52, address 1 decoder 54 begins 
decoding certain control fields in the instruction to 
determine the. micro address of the first microinstruction 
in the initial microsequence of the particular instruction 
in IR 52. Simultaneously, illegal instruction decoder 56 
will begin examining the format of the instruction in IR 
52. If the format is determined to be Incorrect, illegal 
instruction decoder 56 will provide the micro address of 
the first microinstruction of an illegal instruction 
microsequence. in response to the format error, exception 
logic 58 will force multiplexor 60 to substitute the micro 
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address provided by illegal instruction decoder 56 for the 
micro address provide by address 1 decoder 54. ThuS/ upon 
execution o£ the last microinstruction of the currently 
executing instruction^ the microword portion thereof may 
enable multiplexor 60 to provide to an appropriate micro 
address to micro address latch 62, while the nanoword 
portion thereof enables instruction register decoder "(IRD) 
64 to load the first word of the next instruction from IR 
52. Opon the selected micro address being loaded into micro 
address latch 62, micro ROM 34 will output a respective 
microword to micro ROM output latch 36 and nano ROM 40 will 
output a corresponding nanoword to nano ROM output latch 
42. 

Generally, a portion of each microword which is load«td 
into micro RON output latch 36 specifies the micro address 
of the next microinstruction to be executed, while another 
portion determines which of the alternative micro addresses 
will be selected by multiplexor 60 fox input to micro 
address latch 62. In certain instructions, more than one 
micro sequence must be executed to accomplish the specified 
operation. These tasks, such as indirect address 
resolution, are generally specified using additional 
control fields within the instruction. The micro addresses 
of the first microinstructions for these additional 
microsequences are developed by address 2/3 decoder 66 
using control information in IR 52.. In the simpler form of 
such instructions, the first microsequence will typically 
perform some preparatory task and then enable multiplexor 
60 to select the micro address of the microsequence which 
will perform the actual operation as developed by the 
address 3 portion of address 2/3 decoder 66. In more 
complex forms of such instructions, the first microsequence 
will perform the first preparatory task and then will 
enable multiplexor 60 to select the micro address of the 
next preparatory microsequence as developed by the address 
2 portion of address 2/3 decoder 66. Opon performing this 
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additional preparatory task, the second microsequence then 
enables multiplexor 60 to select the micro address of the 
microsequence which will perform the actual operation as 
developed by the address 3 portion of address 2/3 decoder 
66. in any event, the last microinstruction in the last 
microsequence of each instruction will enable multiplexor 
60 to select the micro address of the first 
microinstruction of the next instruction as developed by 
address 1 decoder 54. m this manner, execution of each 
instruction will process through an appropriate sequence of 
microinstructions, a more thorough explanation of the 
micro address sequence selection mechanism is given in O.S. 
Patent No. 4,342, 078 entitled "Instruction Register 
Sequence Decoder for Microprogrammed Data Processor" issued 
27 July 1982 to Tredenniek et al, and which is hereby 
incorporated by reference. 

In contrast to the microwords, the nanowords which are 
loaded into nano ROM output latch 42 indirectly control the 
routing of operands into and, if necessary, between the 
several registers in the execution unit 46 by exercising 
control over register control (high) 68 and register 
control (low and data) 70. In certain circumstances, the 
nanoword enables field translation unit 72 to extract 
particular bit fields from the instruction in IRD 64 for 
input to the execution unit 46. The nanowords also 
indirectly control effective address calculations and 
actual operand calculations within the execution unit 46 by 
exercising control over AO control 74 and ALO control 76. 
m appropriate circumstances, the nanowords enable ALD 
control 76 to store into status register (SR) 78 the 
condition codes which result from each operand calculation 
by execution unit 46. a more detailed explanation of ALO 
control 76 is given in D.S. Patent No. 4,312,034 entitled 
"ALO and condition code Control onlt for Data Processor- 
issued 19 January 1982 to Gunter, et al, and which is 
hereby incorporated by reference. 
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A read-modify-writ cycle (RMC) is available which 
ensures in advance that a write can follow a read without 
relinquishing the bus. This RMC mode is indicated by an 
RMC signal. During the RMC mode no other system resource 
can have access to the bus.- The RMC mode and functions 
involved therewith are described in O.S. Patent Mo. 
4, 348, 722 r entitled "Bus Processor", issued Sept. 7, 1982 
to Gunter et al, and which is hereby Incorporated by 
reference. The RMC signal can be brought out to an 
external pin to prevent system resources from attempting to 
gain access to the bus when the RMC signal is present. 
Additionally, in the preferred embodiment the RMC signal is 
controlled by microcode. Consequently, instructions can be 
made available which monopolize the bus for even longer 
than the two bus cycles required for a read followed by a 
write. 

Such an instruction which can thus be made available is 
the compare and swap instruction for singly-linked lists 
(CASl) as previously described. The CASl instruction, 
however, is not helpful for doubly-linked lists. A compare 
and swap instruction for doubly-linked lists {CAS2) is the 
subject of the present invention. Shown in PiG.s 3A and 
3B, placed top to bottom, is a micro-control flow diagram 
for performing the CAS2 instruction according to a 
preferred enbodiment of the invention. 

Shown in pig. 4A is a list 400 comprised of an item 
401, an item 402, and an item 403. Shown in PIG. 4B is a 
list 400* which further includes an item 404 as well as 
items 401-403. Each item 401-404 has a back pointer and a 
next pointer. The back pointers of items 401-404 are 406, 
407, -408, and 409, respectively. The next pointers of 
items 401-404 are 411, 412, 413, and 414, respectively. 
List 400 also includes a head pointer 416 and a tail 
pointer 417. m list 400 item 401 is the head. 
Accordingly, head p inter 416 points to item 401. As the 
head of the list 400, back pointer 406 of item 401 is null. 
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and next pointer of item 401 points to item 402. Back 
pointer 407 of item 402 points at item 401, and next 
pointer 412 points at item 403. With just three items in 
list 400, item 403 is the last item in list 400. 
Accordingly next pointer 4r3 of item 403 is null while its 
back pointer points at item 402. Tail pointer 417 points 
at item 401 because it is the last item in the list. Next 
pointer 411-413 and head pointer 416 form a first set of 
pointers which have an analogous function. Beginning with 
head pointer 416, list 400 can be traversed in a forward 
direction using this set of pointers. Tail pointer 417 and 
back pointers 406-408 form a second set of pointers. 
Beginning with tail pointer 417, list 400 can be traversed 
in a backward direction using the second set of pointers. 

List 400 • is the same as list 400 except that item 404 
is the last item in the list. Consequently, tail pointer 
417 points at item 404 instead of item 403 and next pointer 
413 of item 403 points at item 404 instead of being null. 
Back pointer 409 of item 404 points at item 403, and next 
pointer 414 is null. Lists 400 and 400' are both properly 
formed doubly-linked lists with head and tail pointers. 
List 400 • can be viewed as list 400 with a new item added 
at the tail. Alternatively list 400 can be viewed as list 
400 • but with the tail item deleted. A function of the 
CAS2 instruction is to be able to either add or delete an 
item at the head or tail using uninterruptable cycles. The 
first explanation is for adding an item at the tail. The 
list is originally list 400 which is changed by the CAS2 
instruction to becone list 400'. 

.Before the CAS2 instruction is performed, item 404 must 
be properly formed. As part of the formation process, item 
404 has its back pointer 409 point to item 403 and next 
pointer 414 null. Also, prior to the CAS2 instruction, 
tail pointer 417 and next pointer 413 must be read and 
stored. Another step prior to beginning the CAS2 
instruction is to store the values which are to be put into 
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tail pointer 417 and next pointer 413 so that these 
pointers will point to item 404. These values are 
sometimes referred to as swap values. As shown in PIG.s 1 
and 2 there are numerous registers available for storing 
these swap values. These tVo pointers are the two that 
must be changed upon the addition of item 404 to list 400 
in order to form list 400'. Tail pointer 417 and next 
pointer 413 must both be changed to point at item 404. 
During the formation of item 404 and after the reading of 
tall pointer 417 and next pointer 413, list 400 may be 
changed so that item 403 is no longer the last item in list 
400. If that is the case, then at least one of tail 
pointer 417 and next pointer 413 will change, if such a 
change has occurred then item 404 cannot be properly 
added. The CAS2 instruction ensures that nothing has 
changed which will prevent the proper addition of item 404 
before updating tail pointer 417 and next pointer 413. 
Another characteristic of the CAS2 instruction is that it 
will continue to completion even if an interrupt is 
received during the instruction. An instruction having 
this characteristic is often called an uninterruptable 
instruction. 

To begin the CAS2 instruction, the RMC mode is 
instituted and the RMC signal is generated to ensure that 
the CAS2 instruction has exclusive use of the bus until the 
instruction is terminated. This prevents any changes to 
list 400 except those caused by the CAS2 instruction 
itself. The values at tail pointer 417 and next pointer 
413 are then consecutively read. These two values are then 
compared to the corresponding values previously stored. 
This can be achieved by subtracting one from the other. if 
the result after subtraction is zero, then the values are 
the same, if the result is other than zero, then the 
values are different, if the values are the same, th n the 
stored values for pointing to item 404 are swapped for 
those values in next pointer 413 and tall pointer 417. 
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After this swap the result is shown in FIG. 4B as list 400* 
with it m 404 at the end. if either of the values are 
different, the RMC mode is terminated and the values last 
read from tail pointer 417 and next pointer 413 are stored 
in registers. In view of the changed circumstances as 
indicated by the values being different, a decision is then 
been made available as to the disposition of item 404. if 
item 404 is still to be added, a new CAS2 instruction can 
be instituted after pointers 409 and 414 have been properly 
updated to reflect the changed conditions. 

Another possibility is for list 400* to be the 
beginning point and for the last item in the list, item 
404, to be deleted . in such case list 400 shown in PiG. 
4A is the desired result. As in the case for adding an 
item as previously described, some steps must be taken 
before the CAS2 instruction begins, in this deletion case, 
next pointer 413 is to swap its value which points to item 
404 for the null value and tail pointer 417 is to swap its 
value which points to item 404 for a value which points to 
item 403. m preparation for this swap, the swap values 
comprising the null value and the value which points to 
item 403 are stored in registers. Also stored in registers 
are the compare values which comprise the value in tail 
pointer 417 which points to item 404 and the value in next 
pointer 413 which also points to item 404. The CAS2 
instruction is then begun by initiating the RMC mode. The 
test values comprising the values in next pointer 413 and 
tail pointer 417 are then compared to the corresponding 
stored compare values, if each compare value is the same 
as its corresponding test value, the swap values are 
swapped for the corresponding values in next pointer 413 
and tail pointer 417. The result of this swap is list 400 
shown in pig. 4A. if either of the compare values is 
different than its corresponding test value, then the swap 
does not occur, the RMC mode is terminated, and the new 
values in n xt pointer 413 and tail pointer 417 replace the 
previous compare values stored in registers. 
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The CAS2 instruction itself which is used to achieve a 
deletion or addition of an item is shown in PiG.s 3A and 
3B. Compare values and swap values must be established 
prior to beginning the CAS2^ instruction. The compare 
values are the ones which are read from the locations which 
need to be changed in order to properly effect the addition 
or deletion of the particular item. The swap values are 
those which are to replace the values in the locations 
which are to have their values changed. After initiating 
the RMC mode, a first test value is read from a first of 
the locations to be changed. A second test value is read 
from the other location while the first test value is 
compared to its corresponding compare value. A compare 
value is said to be corresponding when it was read from the 
same location as the test value to which it was said to be 
corresponding. The second test value is then compared to 
its corresponding compare value if the first test value is 
the same as its corresponding compare value. If not, the 
RMC mode is terminated, if the RMC mode is not terminated 
and if the comparison of the second test value to the 
second compare value shows that these two values are the 
same, then the swap value for the location of the first 
compare and test values is substituted for the first test 
value at that location. The other swap value then replaces 
the second test value at that location, if the second test 
value is not the same as the second test value, , then the 
RMC is terminated at that point so that no swap values are 
swapped with the test values. Consequently, any two values 
can be safely swapped ina single instruction. The use is 
not limited to that described for FIG. 4A and FIG. 4B. 

Shown in FIG. 5A is a list 500 comprised of an item 
501, an item 502, an item 503, a head pointer 504, a tail 
pointer 505 and an access counter 506. Access counter 506 
has a value which is incremented every time that a change 
is made to list 500. The value is read or incremented on a 
bidirectional bus 508. Bach it&a 501-503 has a next 
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pointer 509 « 510 » and SIX, respectively. Next pointer 509 
of item 501 points at item 502, next pointer 510. of item 
502 points at item 502, and next pointer 511 of item 503 is 
Dttll. Head pointer 504 points at item 501 which is thus a 
head item. Tail pointer 505 points at item 503 which is 
thus a tail item. List 500 is a properly formed 
singly-linked list having head and tail pointers and an 
access counter. List 500* shown in FIG. SB is the same as 
list 500 except that an item 512 has been inserted between 
items 502 and 503. With item 512 so inserted, next pointer 
510 points at item 512 instead of item 503- as it did in 
list S00. Item 512 has a next pointer 513 pointing at item 
503. List 500* is thus a properly formed singly-linked 
list with one additional item to that of list 500, the 
additional item being inserted in the middle of the- list 
between the head and tail items 501 and 503. Whereas FIG.s 
4 A and 4B are useful for describing the addition and 
deletion of an item at an end of a list, FIG.s 5A -and 5B 
are useful for describing the addition and deletion of an 
item in the middle of a list. For describing an addition 
or insertion of an item, FIG. 5A shows before and FIG. 5B 
shows after the insertion. Conversely, for a deletion, 
FIG. SB shows before and FIG. SA shows after. 

The insertion of item 512 into list 500 between items 
502 and 503 will- be described first. The changes that need 
to be made to list 500 in order to effect the insertion are 
to next pointer S10 of item 502 and the value in access 
counter 506. Instead of pointing at item 503, next pointer 
510 will point to item 512. Prior to beginning the CAS2 
instruction, compare values and swap values must be 
stored. The compare values to be stored are those in next 
pointer 510 which points to item 503, and access counter 
506. The swap values are those to be inserted Into next 
pointer 510 and provided to access counter 506 to effect 
the insertion of item 512. After the insertion next 
pointer 510 is to have a value which points to item 512, 
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and access counter 506 will be incremented, in order to 
properly prepare item 512 it is necessary to know which 
item is to be after 512 in order to establish where next 
pointer 513 is to point. After item 512 has then been 
properly prepared, the CAS2* instruction can commence. The 
RMC mode is initiated and next pointer 510 and access' 
counter 506 are read. The values at next pointer 510 and 
access counter 506 which are read during the CAS2 
instruction are check values. Before the swap values 
replace these check values in next pointer 510, it is 
necessary to determine that items 502 and 503 have retained 
their relationship to 'each other and that access counter 
506 has not been incremented, while item 512 was being 
formed, one of items 502 or 503 may have been deleted. 
Alternatively, another item or items may have been inserted 
between items 502 and 503, Another possibility is that 
items 502 and 503 may have retained their relationship to 
each other but have been moved to another list, if 
something has changed, it would be improper to insert the 
swap values into next pointer 510 and access counter 506. 
Consequently, the check values are compared to the compare 
values to make certain they are the same before inserting 
the swap values, in particular, the value read at next 
pointer 510 before the CAS2 instruction commenced is 
compared to the value which is present. at next pointer 510 
after the CAS2 instruction has commenced, and the value 
read at access counter 506 before the CAS2 instruction 
commenced is compared to the value which is present after 
the CAS2 instruction at access counter 506. If the 
comparisons show that the check values equal the compare 
values, then the swap values are inserted into next pointer 
510 and access counter 506 so that next pointer 510 points 
at item 512 and that access counter 506 is incremented. 
When such insertion is made, the result is list 500 • shown 
in PIG. SB. If either f the comparisons results in 
sh wing that one of the check values is not the same as 
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its corresponding compar value, neither swap value is 
inserted. The comparisons are consecutively done, then if 
appropriate in view of the comparisons, the insertions of 
the swap values are also consecutively done. 

The CAS2 instruction is also useful for deleting an 
item from the middle of a list, such as deleting item 512 
from list 500« to obtain list 500. The compare values 
uhieh are read prior to commencing the CAS2 instruction are 
those at next pointer 510 and access counter 506. The swap 
value for next pointer 510 will be that for pointing at 
it«n 503. The swap value for access counter 506 will be 
the incremented value of the access counter 506. ^When the 
CAS2 instruction commences the RMC mode is initiated. A 
first test value is read from either next pointer 510 or 
access counter 506. This first test value is then compared 
to its corresponding compare value, while a second test 
value is read from the other of next pointer 510 or access 
counter 506. Zf the first test value is not the same as 
its corresponding compare value, then the CAS2 instruction 
and RMC mode are terminated, if the first test value is 
the same as its corresponding compare value, then the 
second test value is compared to its corresponding compare 
value. If the second test value is not the same as its 
corresponding compare value, the CAS2 instruction and the 
RMC mode are terminated, and the first and second test 
values replace the compare values, if the second test 
value is the same as its corresponding compare value, the 
swap values are consecutively swapped for the values in 

pointer 510 and access counter 506. In particular, 
the swap value which is inserted into next pointer 510 
causes next pointer 510 to point at item 503, and the swap 
value which is inserted into access counter 506 is the 
incremented value of the access counter 506. Whether next 
pointer 510 or access counter 506 is updated before the 
other is not significant. After effecting the insertion of 
the swap values, the CAS2 instruction and RMC mode are 
terminated. The CAS2 instruction thus effects th deletion 
of item 512 from list 500* to obtain list 500. 
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The CAS2 instruction is not limited to safely swapping 
2 values in a linked list situation. The instruction can 
be useful anytime it is desirable to simultaneously swap 2 
values. Such swapping can involve values of other types of 
list, but may also involve 'Values unrelated to lists. The 
CAS2 instruction may be useful in any data structure which 
can have one location changed in conjunction with an 
acccess counter. A tree structure is such a situation 
where it can be useful to swap 2 siacb values effectively 
simultaneously. 

The microcode for achieving this CAS2 instruction is 
disclosed in appendices I and II. 
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APPENDIX Z 
NZCROZN8TROCT20N LZSTZN6 



♦ CO-ORDINATE OP BOX MICRO SEQUENCER 

+ LABEL OF BOX ZMFORHATION 

♦ — MICRO. ADDRESS | 
I I " ♦ — ORIGIN 

V V V V V 

+ + + + . + 

jAAlj JXAMl^ I 040 I EXAMl (1) | Al | 

I SIZE |PADB| RXSj RYS| R/w'tIMb'tYPeT 



■COMMENTS" 

TRANSFERS 

» Tl DESTINATION 
> T3 DESTINATION 



AO 
ALO 
CC 
SHFTO 
SHFTC 
FTO 
PC 
PIPE 

DATE 



ORIGIN: if sbared, co-ordinate of origin 

if origin, f of boxes sharing with this box 

DATA ACCESS INFORMATION: 



R/W TIME 
• - no access x 
<W> - write Tl 
<> - read ^3 
SPC - special signal T0 
EXL - latch exception 



no tinting associated 
write to aob in Tl 
write to aob in T3 
aob writen before Tl 



TYPE 

-r<>,<W> on R/W 
• — normal access 
DNK - program/data access 
CNORM - conditional normal 
- , conditional prog/data 

■ alternate address space 

cpu access - different bus error 
' cpu access - normal bus error 
' read-mod if y-write access 
SPC on R/w 

RSTl - restore stage 1 

RST2 - restore stage 2 

HALT - halt pin active 

• RSBT - reset pin activ 

SYNC - synchronize machine 

EXL n R/H 

5155 " ^SJ,*!""^ ^^^"^ - privilege viol. 

AERR - address err r TRAC - trace 



CUNK 

AS 

CPOl 

CPD2 

RMC 



^^Vk ■rtg611jB60O434 A tJ.> 
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LINA - lin a 

L2NF - lin £ 

ILL - illegal 

DVBZ - divide by zero 

BDCK - bad check 

TRPV - trap on overflow 

MICRO SSQOBMCEIl XNFOBHATXON:- 



TRAP - trap 

COP - protocol viol, 

PORE - fomat rror 

INT - interrupt 1st stack 

IMT2 - interrupt 2nd stack 

NOEX - no exception 



OB 
BC 
Al 

AlB 

A2 

A7 

A4 

A5 

A6 



direct branch - next nicroaddress in Dicroword 
conditional branch 

use the Al PLA sample interrupts and trace 
trace*** '^^ sample interrupts, do not sample 

use the A2 PLA sample interrupts or trace 

functional conditional branch (DB or A2 PLA) 
use the A4 latch as next isicro address 
use. the AS PLA . 
use the A6 PLA 



SIZE: 



size 
size 
size 
size 
size 



byte 

word 

long 

ircsz 

irsz 



size = ssize 



nano specified constant value 
nano specified constant value 
oano specified constant value 
irclll]«0/i •> word/long 
ird decode of the instruction size 
(byte/word/long). Need to have file 
specifying residual control 
shifter control generates a size 
value. The latch in which this value 
is held has the following encoding 

000 « byte • 

001 ■ word 

010 » 3-byte 

011 ■ long 

100 « 5-byte •** must act as 
long sized 

RXS - RX SUBSTITUTIONS 

if*.? register pointer, it is used to point 

Dv ™ "^if^®?^*^ purpose registers or user registers. 
RX generally is used to translate a register pointer 
• 5i*ifi''^J**iS an instruction into the cintrol ISqSirSd 
to select the the appropriate register. e^a^^^ea 



rx - rz2d/rxd 



conditionally substitute rz2d 
use rz2d and force rx[3]-0 

0100 110 009 XXX XXX 
«4V.l 0100 110 gg^ 



<wo_ eeno434Ai i > 



wo 86/00434 



PC:T/US8S/00670 



rx « xz2 



rxC3] • 0 (data r g.) ^ 

(unless residual points) 
rxa then rxt3J - i 

(residual defined in opmap) 

dii 1* ^%f,»>y residual control 

bit. field reg i„ ^ „J JjJJ 

rx - rp "13.-0] . ar(3:ej 

r«SJ;^^*w*2 l*tch must be 

Inverted before going onto the rx h». 
for »ovein rl,-(r?) 010? iSe gJx JaS^Jxx 

ire US 512] auxed onto rxr3:01 
(cannot use residual control) 



rx m tz 

rx » ro2 



rxI2s01 - irc2(8:6] 

rxI3J « 0 (data reg.) 

Osed in Bit Field, always data reg 



rx 2 vSI ^i^ll J address register 

points e vector base register 

rx - vatl points « vatl 

" " '^^ points e dt 

rx . crp "I3«0] • arl3:0] 

us2r ifJiKiI*' element of the 

user visible register array) 

rx - usp rxl3:0J « p 

force effect of psws to be^negated (0) 

" ■ «P rx(230] • 

if psws-O then address uso 
If Psws-l 6 pswm«0 then isp 
If psws«l & pawm-l then msp 

«3rS • Ry SUBSTITUTIONS: 
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23 llk^it) 5^h';:}*'"»* substitutions 

1 w ^7^' With dbin or dob. Th 

If thi iLJ^i" *f ^''^ selected. 

special case: IRD - 0i„ ^xx e.s xxx 

inJf 'Sk^'"®P'"***> ^here if driven 



ry • rw2 



Jfy - rw2/dt 



ry 
ry 
ry 



vdtl 
vat2 
dty 



AO . ARITHMETIC OHIT OPERATIONS: 
ASOEC 



jovej ea,rl njj iij eix ,xx xxx 

co^"^ - - 

do^not^aaxo. ...^ S^wJ^J.^rto 
force ryI31 . g * «11 xxx xxx 

bfilld fJff J^* «x 

iie^a 1110 1^^ 

5.,f ? ^'^^ force ryt3j-0 
Jljg lie 

0100 110 001 
and ire2ri0] « i 

points e virtual data teaporary 
points « virtual address temporary 2 
points % dt 



1- ASXS 



if Ird . u»i ,„ „, 
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2- SOB 

3- DIV 

4- MIL 
6- SDB2X 

8- A0DX8 

9* A0DX6 

10> ADD 
H- MULT 



12- ADOXS 

13- ADOSE 

14- ADD2X 

15- ADDSZ 
COMSTAHTS 



sub 
add/sub 



sub 

add 

add 

add 
add 



add 
add 

add 
add 



24 

or "-0101 XXX 0XX XXX xxx addq 
subtract AB from DB 

do add if auttaij • 1, 

fS?rfV"*^^^' • ®' take db (part rea) 

fi-*^;.i/**"*^'»9 alutI31] then 
do the add/sub. 



ISb^AB***""* °® according to sise then 

Idd%rA8"^ DB 8 -> 32 bits then 

!iS"*.!*Jf"*' 32 bits then 

aaa to AB 

add AB to DB. 

shift DB by 2 then add constant 
sign/zero extend based on residual 
and previous aloop 

aula ■ always sxtd 

nolo « sxtd when sub in previous 
aluop 

®if° DB ba6ed on size then 

acta to AB 

then 

S?:**^**** extended result by 0,1,2,3 
bits depending upon irctl0:9j/ 
Finally add this to AB 

Id^trAfl"*^ according to size then 

fSfL®2!*®2'^ according to size, 
shift by 2, then add 



1 selected by: 
(div * allzero) 

selected by size 
byte « 1 
word m 2 
3-by « 3 
long « 4 



(ault • alu carry 



0) 
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If (Rx-SP or RySP) and (Ry-Ry or Rx«Rx) and (Rx r Ry is 
and destination) and (au c nstant - 1.2,3,4) and 
{Biz m byt ) then constant - 2 rather than one. 



ALD - ARITHMETIC AND LOGIC OHIT OPERATIONS: 

eol0 « x,nil 
coll « and 

eol2 • aluX,div,inult,or 
eeX3 " altt2,sob 



row 




col 1 


1 


ADOROW 


and 


2 


ADOXROW 


and 


3 


SUBROW 


and 


4 


SUBXROW 


and 


5 


DZVROH 


and 


6 


MOLTRON 


and 


7 


ANDROH 


and 


8 


SORROW 


and 


9 


ORROW 


and 


10 


NOTROW 


and 


11 


CHGROW 


and 


12 


CLRROW 


and 


13 


SETROW 


and 



col 2 


col 3 


add 




addx 


' add 


sub 




sttbx 


addl 


div 


sub 


nult 


sub 


and 




eor 




or 


add 


not 




ehg 




elr 




set 





cin 

add db ab g 

' addx db ab x 

addl db + ab x 

and ab " db 

cbg ab xor k«-l 

clr ab " k"0 . 

eor ab xor db • 

not "ab V db 

or ab V db 

set ab V k»-l 

sub db + ab i 

subx db ab x 

M$ a^it^^^ add/sub (ab shifted by 0,1,2 

iif*f add/sub 0)) control for add/iub aid 

for ault*"*"* regb. Don't assert atrue 

■ cin » 0 

div build part, quot and advance part, remain. 1 
»b (pr.lspq) shifted by 1, add0, 
value shifted in « au carry (quot bit) 

cin ■ 0 
must assert atrue for div 
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CC - 



row 

2 
3 
4 

5 
6 

7 
8 
9 

10 



26 

Tb c ndition codes are updat d during late T3 
rfSi^*;?!" the data in alK and/or re|a: T^eJe 
registers can b writt n to daring T3. In the 
case of rega, th r are tines when the value to 
be tested is the result of an insertion from regb. 

CONDITIOM CODE UPDATE CONTROL I 

col 1 



add 
addx 
sub 

subx 
div 
null 
rotat 
rox 

bitrbitfld kkskk (bit) 



cnsvc 
enzve 
cnzvc 
cnzvc 

knsvg (div) 
knzv0 
kn20c 
cnz0c 



log 



kn200 



col 2 




col 3 




ddddd 




ddddd 




ddkdc 


(bcdl) 


cdzdc 


(bcd2) 


knzvc 


(cmp) 


ddddd 


ddkdc 


(bcdl) 


cdsdc 


(bed2) 


ddddd 




ddddd 


ddddd 




ddddd 




ddddd 




•ddddd 




knz00 




kkkvk 




knz00 


(bfldl) 


kkzkk 


<bfld2) 


ddddd 




ddddd 



standard 

n « alut Bsb (by size) 
z - alut»0 (by size) 



non-standard 
add e « 
V « 

addx.l c • 
z • 



bcdl 
bed2 

bfldl 

bfld2 
bit 
div 
null 



rotat 
rox.l 



rox. 3 



V ■ 
C " 
c • 
z « 
n « 
z " 
z « 
z ■ 

V « 

n « 



V • 



c » 
c « 



cout 
vout 
cout 

psw« • locz 

vout 
cout 

cout V pswe 
pswz " locz 
shiftend 
all zero 
pswz * all zero 
six zero 
au carry out 
(shiftend * irc2C10]) v 

(altttC311 - •irc2I10]) 
(alut-0 shift allzero * 

(alut«0 * -irc2I101) 
-irc2I10l * ((irc2Clll * Callzero • 

-alutUU) V (-allone ^ aluttSl])) v 
rirc2Ill) - -allzero)) ""'^^J'' ^ 

" 5®*"" - * - end) 

sniftend ■ (sc«0 - pswx sc<>0 - end) 
I can do thxs in two steps as knz0c where 

i STSS'^Jk*"^ cn20c where c-shiftend (not 
* yith share row with shift) 
■^i!*,f^«'*l<»w » ((-allz r - sosz) v 
( (allz ro V allones) * sc<-sz)) 



ire2(10]) V 
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I can simplify this if ve don't share 



6Ub«l 


c 


■ 


*cout 


sub .2 


V 


m 


vout 


c 


m 


*cout 


subx.l 


V 




vout 


c 




""cout 




z 




pswz ^ 


8ubz»2 


V 


m 


vout 


c 




*cout 


SJubx.S 


c 




•cout 











locz 

r pswc 
Iocs 



.Ux.ro - .v.r» "t In teg. field - « „here the 

zseia is defined as starting at the bit 

by start and end inrCinSl Sling) 
at the bit pointed to by end. «*oo»ng) 
(see shift control) 

allone . every 1; rega field - l where the 

Z*f defined as starting at the bit 
SJ^JJ^'^K?! and endini cinllGding) 

shiftend . the^bit J„ rega^pointed to by end . i. 
locz . ,11 ,iut for the .pplic.bl, ,iie . e. 
SHFTO - SHIFTER OPBKATIOHSs 



sxtd 



zxtd 



sxtd 
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ins 



boffs 



o££s 



Jf^!!*^"® ^ ®** ^* rotated left by th value in 
shift count register and then inserted into the 
field defined by the start and end register in 
rega. Bits in rega that are not defined by start 
and end are not. modified. 

provides the byte offset in regb. Xf irc2Clll-l 
™? 2® contained in RO and as such 

Sv**^^ ?• extended from rega to regb 

lii^t V"^ established in start, end, and 

respectively, if irc2lllj.0 

J?;?^*^J-,'''£**?.*f i° immediate 

f :!i v?"^ should be loaded from irc2 110:6] or 
probably more conveniently osrI4«0J. This value 

S«?I?f 1 *S;"^f Shifted by 3 biti such that 
esr 14 S3] are loaded onto regb[ls0] with zero 
zero extension of the remaining bits. 

tSriflL!*'?-'''^*!^.^". " irc2[Il]-l then 
SLfi 2; in RO and as such DB>REGB 

JtI?^ if contained in the immediate 

field and osr[4s0] should be loaded onto regb[4:0] 
with zero extension of the remaining bits. ^^^'"^ 



SHFTC - SHIPTBR CONTROL: 



(sbml) 
BIT St « 0 

bit en - -1 
«vp sc « wr 
swap wr « BCCl2s71 
eallm osr ■ x 

cnt « X 



(31) 

(16,32) 

(16,32) 



{8bm3) 

St « DB [5:0] mod sz 
en « DB [5:0] nod sz 
sc • 0 

wr ■ DB [5:0] 
osr ■ X 
cnt ■ X 

CsbmS} 

St - X 

en « X 
sc « X 

wr « OB [7:2] 
osr ■ X 

cnt[l:0] • DB [1:0] 



{sbm2} 
St « wr 
en «■ wr 
sc « %rr 
wr » wr 
osr » X 
cnt ■ X 

(sbm4} 
St « 0 
en ■ -1 
sc « wr 
%rr » wr 
osr ■ z 
cnt « X 

{sbra6} 
St - 16 
en « 31 
sc • 16 
%n: « wr 
osr ■ X 
cnt - X 



8 
1 
8 
8 



(31) 



- 1 



{} 
St 

n 
sc 



X 
X 
X 
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wr • X 
esc ■ X 
ent ■ X 

(null) 
MUL 8t ■ wr 

mulw en ■ -1 nod sz 
fBoll se ■ wr 

wr - BC(I2s7] 

osr " X 

cot • X 

(aulS) 
St » 0 
en » -1 

SC • X 

wr • X 
osr ■ X 
cnt • X 

{> 

St • X 

en » X 

SC • X 

wr « X 
osr « X 
cnt " X 

{} 

St ■ X 

en • X 

SC « X 

wr ■ X 
osr « X 
cnt ■ X 

(divwl) 
divw St • 0 
en - 31 
8c * wr 
wr » BCtl2873 
osr ■ X 
cnt « X 

(divw3} 
St • %fr 
en - -1 

SC « «rr 

wr - BC[12s7) 

sr ■ X 
cnt - X 

{divwS} 
St • 4 



(15,.31) 
(14,30) 



(31) 



(16) 
(16) 



(16) 
(31) 
(16) 
(16) 



(inal2 } 




«t • wr 


• 2 


en « vz 




8c wr 


• 2 


wr >■ wr 


. 2 


osr ■ X 




ent « X 




{mal4) 




8t » 0 




en » en 




SC ^ X 




%n: « X 




osr » X 




cnt « X 




(mttl6} 




St « 16 




en m 31 




se » 16 




wr • X 




osr « X 




cnt « X 





{divw2} 
St > 0 

en ■ •I nod sz 

sc - 16 

wr • wr - I 

osr « X 

cnt ■ X 

{divw4} 
St » 0 
en - 31 
sc « wr 
wr ■ X 

sr * X 
cnt " X 

{divw6) 
St - 16 



(15) 



NSOOCIO. <WO 8e00434Al_l_> 



wo 86/00434 



PCT/US85/00670 



30 



divl 



en - -^1 nod siz 
sc ■ 28 
wr • X 
osr * X 
. ent « X 

{divw7) 

St « St 

en - -1 (31) 

sc « 0 

wr « X 

osr « X 

cnt ■ X 

{divU} 
St « %n: - 1 
en « •! 
se « X 

wr • BC112:7] 
osr « X 
cnt « X 

{divl3} 
St « 0 
en * «l 
sc « 0 
wr » X 
osr « X 
cnt « X 

{} 

st « X 
en s X 
sc « X 
wr « X 
osr « X 
cnt « X 

St « X 

en « X 
se ■ X 
wr « X 
osr « X 
cnt « X 

St • X 

en s X 
sc » X 
wr « X 
osr ■ X 
cnt « X 



(7) 



(31) 
(31) 

(32) 



(31) 



n « 31 
sc • 16 
%n: ■ X 
osr • X 
cnt • X 



{divl2} 

St > 0 

en « -1 
sc ■ 0 
wr « wr 
osr » X 
cnt « X 

{divl4) 
8t « 0 
en - 31 
sc « 0 
wr « X 
osr « X 
cnt « X 

{divl6} 
St « 16 
en « 31 
sc « 16 
wr • X 
osr • X 
cnt « X 



(31) 



• 1 



{} 

St « X 

en » X 
sc » X 
%rr • X 
osr « X 
cnt « X 
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8t « X 

en ■ X 

8C « X 

wr ■ X 

osr « X 
cnt ■ X 

{unkC} 
8t « 16 
en » 31 
sc - 16 
wr - x 



31 

{) 

St » X 

en ■ X 
sc - X 
wr ■ X 
osr ■ X 
cnt - X 

at 

{) 

St • X 

en ■ X 

sc - X 

wr ■ X 
osr » X 

cnt - X osr - X 

cnt - X 

{) 

St - X 

en • X 
sc ■ X 
wr • X 
osr ■ X 
cnt « X. 

asl St « 0 {asl2} 

en ■ osr ♦ "wr f5 * f * 

sc ■ "wr + 1 en ■ (wr-1) nod ez 

" ^S.J!'^3 BCtl2:73 (Q) 2? I 
osr « BC[5:01 fs is -i^i wr ■ wr 

cnt - " »«#iOr32) osr « osr 

cnt « X 

St « 0 {«sl4} 

en « osr - 1 *^ " * 

sc « X en « -1 mod sx 

wr • wr sc - X 

osr « X wr • wr 

cnt « X osr • X 

cnt • X 

it « X {a8l6) 

en . X St - 16 

sc » X en • 31 

wr - X sc • 16 

osr - X wr - X 

cnt - X ■ « 

cnt « X 

{) 

8t - X 

en - X 
sc * X 
wr ■ X 
osr « X 



4SOOCIO:<WO eB0(M34A1 I > 



wo 86/00434 



4P PCT/US85/00670 



32 

cnt ■ X 

asr St « wr la»r2J 

en . Sir - 1 »t - wr - 1 

«c • wr en « (wr - 1) nod sz 

wr • DB [5:01 or BCU2:7J (Q) J? I Jr 

osr -BCl5:0] (8,16,32} Sr ."Ssr 



cnt - X 



(asr3) 

St - osc - 1 
en ■ osr - 1 

SC « X 

wr « wr 
osr B osr 



St - X 

en • X 

SC - X 

wr ■ X 



ent - X " * 

cnt ■ X 

II ^ X (esrS) 

en - i St . 16 

8c - X en . 31 

wr - X SC . 16 

osr • X wr ■ X 

cnt . X f " * 

cnt « X 

{} 

St - X 

en - X 
so » X 
wr » X 
osr « X < 
cot - X 

{rotll) r^««.i,t 
rotl St - osr lrotl2) 

en • -1 #31% " f . 

so « osr * - 1) «od sz 

- DB 15:0] or BCU2:7] (Q) 5? Z 
osr « BC[5:01 rs I* -j^i 
cnt • Z. (8»16»32) osr - osr 

cnt « X 



{rotl3} 
St ■ 0 
en « 31 

«c « -(wr - 1) nod sz 



St « 0 

en • 31 - X 

en « X 

wr « wr SC « X 

osr ■ osr wr » x 

cnt « X ■ at 

cnt - z 

l{ m X (rotie) 
en « X St " 16 

SC « X en - 31 

SC - 16 
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wr ■ X 
osr - X 
ent ■ X 

{} 

8t « X 

en • X 

8C ■ X 
WC • X 

osr ■ X 

cnt - X 

{rotxl} 
rotr St ■ osr 

en - -1 (31) 
sc ■ osr 

wr - DB [5s01 or BC[12:7J (Q) 
osr • BC[5:0) (8,16,32) 
cnt « X 

{rotr3) 
St « 0 
en » 31 

se « wr mod sz 
i*r ■ wr 
osr ■ osr 
cnt ■ X 

{> 

St « X 

en • X 
sc <■ X • 
wr • X 
osr B X 
cnt » X 

{} 

St ■ X 

en « X 
se « X 
wr • X 
osr ■ X 
cnt ■ X 



wr « X 
osr • X 
cnt ■ X 



{rotr2) 

St « X 

en - (wr - 1) mod sz 
sc ■ X 
wr * wr 
osr « osr 
cnt » X 

{) 

St - X 

en ■ X 
se « X 
wr ■ X 
osr - X 
cnt ■ X 

(rotre) 
St - 16 
en ■ 31 
sc ■ 16 
wr ■ X 
osr « X 
cnt ■ X 



{roxll) 
xoxl St « 0 

en « osr ♦ "wr (14) 
sc - -1 (31) 
wr - BC[12:7] (1) 
osr • BC[5:0J (16) 
cnt ■ X 

{roxl3} 

St - (-(wr-1) ♦ 1) mod sz 



{roxl2) 
St « 0 
en « (osr 
sc > 0 
wr ■ %fr 
osr » osr 
cnt « X 

{roxl4) 
St « 0 



- wr) mod sz 
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en ■ -1 nod sz 

sc • (-(wr-1) + 1) Boa sz 

wr • DB t5:0J or BC[12t71 (Q) 

osr - BC15:03 (8,16,32) 

cnt ■ X 

(roxlS) 

«t • (-(wr-1) ♦ 1) abd sz 

en » -1 nod sz 

ec « (-(%ir-l) + 1) fflod sz 

wr ■ wr 

osr - osr 

cnt - X 

{roxl7} 
St « wr - 1 
en • osr - 1 
sc « 0 
wr » wr 
osr - osr 
cnt « X 

{roxrl} 
roxr St m wr 

en » osr > 1 
sc « wr 

wr - BCtl2:73 (i) 
osr « BCl5:e] (16) 
cnt ■ X 

{roxr3} 
St « 0 

en « (wr-1) - 1 ' 

sc « (wr-1) + 24,16,0 

wr « DB [5s0] or BCtl2:7J (o) 

osr - BCI5:0] (8,16,32) 

cnt « X 

{roxrS} 

St > 0 

en • (wr-1) - 1 

sc • (wr-1) + 24,16,0 

wr « wr 

osr « osr 

cnt • X 

(roxr7} 

St « 0 

en « osr - wr 
sc « 0 
wr » trr 
osr « osr 
cnt « X 



en « sr "f wr 
sc « "wr ♦ 1 
wr ■ wr 
osr ■ osr 
cnt ■ X 

{roxl6} 
St - 16 
en ■ 31 
sc - 16 

• wr - 1 - osr 
osr ■ osr 
cnt - x 



{roxr2} 
St • 0 

en - (wr - 1) mod sz 

sc « 0 
wr « wr 
osr « osr 
cnt « X 

{roxr4) 
St • wr 
en « osr - i 
sc ■ wr 
wr « wr 
osr « osr 
cnt « X 



{roxr6) 
St - 16 
en « 31 
sc - 16 
wr ■ %nr - 1 
osr ■ osr 
cnt « X 



- osr 
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bfreg 



b£nt 



(bfrgl) 

St • 0 

en • 31 

sc « osr ♦ wr 

wr » DBI4:0J or IRC2I4:0] 

osr - REGB[4:0] or IRC2[10:6] 

cnt • X 

(bfrgS} 

St ■ 0 

en - 31 
sc ■ osr vz 
wr ■ wr 
osr ■ osr 
cnt ■ X 



{bfrgS} 

St • X 

en • X 
so « X 
%rr ■ wr 
osr » X 
ent[l:0] 

ibfrg?) 
St « 0 
en « 31 
sc « 25 
wr. » X 
osr « X 
cnt ■ X 

{bfntl) 
St « 3 



- DB C1:0] 



en 



-1 



(31) 



sc « 3 

wr - DB 14:01 or I»C2I4:0J 
osr « RS6B[4:0j or 2RC2(10:6] 
cnt ■ X 



{bfmtS) 

St ■ 0 

en - lls~o8rC2:01 
sc « 0 
wr • wr 
osr • osr 
cnt ■ X 

(bfatS) 

St • X 



(bfrg2) 
St ■ 0 
en ■ wr - 1 
sc « 0 
wr ■ wr 
osr ■ osr 
cnt ■ X 

{} 

St ■ X 

en > X 
sc « X 
wr ■ X 
osr « X 
cnt « X 

{b£rg6} 
St • 16 
en ■ 31 
sc ■ 16 
» VT 
osr « osr 
cnt ■ X 



{b£at2} 
St - 00: 

. "(csr I2:0J*(wr-.l) ) 
en - (osr (2:0)-i>(wr-l) ) 

(4:3] :~osr (2:0] 
sc » 0 

wr ■ wr 

osr » osr 

cnt ■ (osr(2:0}4> 

(wr-D) 15:3] 

{b£Dt4} 
St » 00: 

"(osr 12:01+ (wr-l) ) 
en ■ -1 mod sz (7) 
sc « 0 
wr • %rr 
osr ■ s 
cnt « X 

{b£at6) 
St « 16 
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en « X 
sc « X 
%rr » X 
06r ■ X 
ent « X 

{bfmt?} 

St « X 

en « X 
• sc « X 
wr « X 
osr « X 
cnt ■ X 



3&.. 

en » 31 
sc « 16 
wr ■ wr 
osr « osr 
cnt « X 



{bfmil) 
bfini St « 3 

en » >l 

sc « 3 

wr » DB{4s0] or 
osr « RE6B(4:0] 
cnt » X 



(31) 



ZRC2[4:0] 

or IRC2(10s6] 



{b£iiii3} 
St • 0 

en ■ ll:*O8rl2:0] 

sc « lls*(osrC2s0]4'(wr«l)) 

wr • wr 

osr » osr 
ent « X 

{bfaiS} 
St > 0 

en - 00: (osr [2:0]'i>(wr*l) } 
sc - 25-»-(00: 

(osr [2:0]-t-(wr-l))) 
wr • wr 
osr « X 

cnt 11:0] « DB (1:0] 

{bfni?) 
St « 0 
en « 31 
sc - 25 
wr ■ X 

sr » X 
cnt ■ X 



{bfini2} 
st » 00: 

*(osr[2:0]4.(wr-l)) 
en ■ (osr (2:0]4> (%n:-l) } 

[4:3] :"osr 12:0) 
se » 00: 

''(osr(2:0]-«>(wr»l)) 
wr - wr 
osr « osr 
cnt • (osr(2:0]-i- 

(wr-D) (5:3] 

(bfni4} 
St » 00: 

"(osrI2:01+(wr-l)) 
en » -1 mod sz (7) 
SC ■ 00: 

" (osr [2 :0] + (wr*l) ) 
wr «" wr 
osr ■ X 
cnt « X 

{bfmi6> 
St « 16 
en - 31 
sc - 16 

wr « wr 
osr « osr 
cnt ■ X 
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{cop2) 

cop 8t « X 



en ■ X 
sc • X 
wr ■ X 
osr - X 
cnt - X 

{cop3} 

St • X 

en « X 

8C ■ X 

%nr « X 
osr ■ X 
cnt - X 



St • X 

en ■ X 
sc ■ X 

wx • %n; 1 
osr - X 
cnt " X 

(cop4) 

St » X 

en « X 
sc > X 
wr « X 
osr - X 
cnt " X 



(eopS) 

St - X 
en ■ X 
sc ■ X 



{cop6> 
St • 16 
en - 31 

wr - DB 17:23 I " 

cntll:0J « DB 11:0] HI I J 

{cop7} 

St » X 

en ■ X 
sc • X 
wr ■ X 

osr » X 
cnt « X 

JliS . ^® ^ ***** value is loaded 

srom re9c. 



TTO - PXELD TBAHSLATION OHIT OPERATIONS: 

3- LDCR load the control register from regb. The 

arll:03 this can be gated onto the rx bos. 

4- DPSW load the psw with the value in regb. Either 

SL'^'^f^^'f***** depe?dinr«p" 
5J"io" ■ ^^^^ """^^ ^""^^ *^e ?cr 

14. CLRPP clear the f-trace pending latch. (fpe„d2 



only) 

17. LD5H2 load th c ntents of the shifter control 
5 gist rs from regb. These inelud 
wr,osr,c ont 
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19- LDSWB 

21- LDSWI 
23- LDSHl. 

25- LOOPC 

26- LDPER 

28- LDARL 

29- 8PSWM 
33- RPER 



load th Int rnaX bus r gister from regb. 

lnlSrif*.r"P'*f?'*w*^* Controller sCle 

infornatlon which aust be accessed by the 
user in fault situations. ''^ the 

itJ?ui**2«5if*J ^"''i (Internal 

IS«S ^®*^> regb. This is composed of 

tpend, fpendl, £pend2, ar latch 

ifSf«?** contents of the shifter control 
ft^lrSr "9b. These include 



clear the psw master bit. 

be^bar^^SS ■'^ «nd onto 

oc bus. There are two operations which 
ose this function, MOVTM and bI?Io mSSem 

Sr** ^5* ^= (invertel? so tSaJ it 
SlJs^'IrnSe^Jhr^JJ 5 register. ?J nS 
activS whfSS the end signal should be 

Jf d«?iS\Jf branch pla. 

«T f-7®*"9 encoding, the least 
significant bit should bi cliarSd! 

lilnfllcani^ff »;cessary to find the most 
szgniricant bit of a long word that 4e « 



nost sig bit set 
31 
16 
0 

HOME 



per out 
e 11111 
0 10000 

0 00000 

1 mil 



onto be bus 
1110 0000 

1110 1111 

1111 1111 

0000 0000 
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34- STCR 

37- STPSW 

38- 0PEND 

39- IPSWS 

40- STIHST 

41- STIRD 
43- STINL 



39 

lll^V anything in the 

8PFF0 ease to load the oth r latch (i. 
BFFFO can load the AR latch), ^ 
cleare?'^ it does not natter if a bit is 

store the contrpl register in regb. The 
•r[ls0], this can be gated onto the tx bus. 

Itll^ J5® in regb based on 

Sl?;\fL*i*^ Tc**^^* ccr only 

with bits 8 - 15 as zeros. 

etore the psw in regb then set the 
supervisor bit and clear the trace bit in 
the psw. Tpend and Ppend are cleared. The 
whole psw is stored in regb. 

store the psw in regb then set the 
supervisor bit and clear both trace bits in 
the psw. The whole psw is stored in rigb. 

decoded information onto the bc 

IrL '^^^^ »»e latched 

f 2Lf**S into other latches (i.e. wr 

» osr) by other control. 



store the ird in regb. 

JiSJ® Tv** interrupt level in pswi and 
regb. The three bits are loaded into the 
corresponding pswi bits. The sine thrie 
w r!??..}**®*^f^ ^'S*® I3:1J with bc 

•"'^ ■ 1' *'hich is loaded 
into regb. Clear IPEND the following Tl. 

44- STV# the format * vector number associated 

with the exception in regb. 



47- STCRC 
48 STSH2 

50- STSWB 



Store the contents of the CRC register in 
regb. Latch A4 with microaddreSS? 

f^SfJ-***® contents of the shifter control 
r gisters into r gb. These Include 

SSnSwI*'''""''- portion of shift 

store the internal bus register in r gb. 
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Thxs is composed of bus controller state 
xncoraati n which aust b access d bv th 
user in fault situations. ^ 

52- STSWI store sswi (internal status vord) in regb. 

The «8wi is composed of tpend, ar latch, • 
fpendl, fpend2 

54- STSHl store the contents of the shifter control 
registers into regb. These include 
8tfen,sc. 

56- STOPC store the micro pc in regb. 

+..+..+,^+ ♦—♦—+—♦—♦—+—+— ♦--♦..+..4..+ 

j REV NDMBER|CRC) micro PC I 

— + — ♦ — + +— + — +— + — + — + + + + + ^. i 

15 14 13 12 11 Ifl 9 8 7 6 5 4 3 2 10 

62- NOME 

€3- STPER store the per onto the a-bus. (should be a 
Tl transfer). per>ab 

PC - PC SECTION OPERATIOHS: 

A0BP[1] 

31 - 3PPI 
30 - 3PFF 

0- IIP 

aobpt>db>sas 
tp2>ab>sas 

1- TPP 

aobpt>db>tpl 

aobpt>^b>aup>aobp* ,aobpt 
■*-2>aup 

tpl>tp2 

tp2>ab>sas 

2- PCR 

tp2>ab>a-seet 

iibpSSb>s«^° connect pc and address section) 

3- PCRP 

aobpt>db>tpl 

• bpt>db>aap>aobp*,aobpt 

-*'2>aup 

tpl>tp2 
tp2>ab>a-8ect 



1 BV3FI 


I 0D3FI I 


1 TPP 


1 EV3PI 1 
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{it ry.pc then conn ct pc and address section) 

4- JHPl 

tp2>db>a-sect 
a-8ect>ab>aobpt 

5- BOB 

aobpt>db>tpl 

tpl>tp2 

tp2>ab>8as 

- EV3FI 

aobpt>db>tpl* 

aobpt>db>aup>aobpt 
•*-4>aup 

tp2>ab>8as 

- 003FZ 

aobpt>db>aup>aobpt , tp2 
'f2>aup 

tp2>ab>8as 

7- TRAP 

tp2>db>a-sect 
pc>ab>8as 

8- TRAP2 

tp2>ab>a-8ect 
aobpt>db>8a8 

9- JMP2 

a-sect>ab>aobpt 
aobpt>db>8as 

10- PCOOT 

pe>ab>a-8eet 
aobpt>db>8a8 

11- NPC conditional update based on cct/f 

tp2>db>aup,a-Bect 
a-sect>ab>aup>aobpt 

12- LDTP2 

a-sect>ab>tp2 
aobpt>db>8as 

13- SAVBl 

pad>aobp 

aobpt>db>8a8 

tp2>ab>8as 

15- SA^2 

aobp>db>tpl 
tp2>ab>sas 
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14- FIX 

aobpt>db>tpl 
tp2>ab>aobpt 
tpl>tp2 

16- LDPC 

tp2>pc 

aobpt>db>sa8 
tp2>ab>sas 

PIPE - PIPE OPBHATIONS: 

Description of bit encodings. 
[6] « nse ire 
[5] • change o£ flow 
14 J « fetch instruction 



13:0J « previously defined pipe control 
functionality. 



AOBPIl] 
0 1 

1 0 1 7 - 30DP I TOD I EV3Fb | 

.- EV3Fa 

chrl>irb 

chr h>pb> inh , iml , i r c 
change of flow 
fetch instr 

- EV3Pb 

chrl>irb 

chrh>pb> iah , iml , i xc 
iroir 
nse pipe 
fetch instr 



1 implies use ire 



- OD3P 

ehrl>pb>irc 

fetch instr 

0 0 0 0 - HDD 

X 

1 0 0 0 OPIPE 

use pipe 

« 0 1 1- PIX2 Always transfer irb up pipe 
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i5h>iK?i«K 4 irclm and if irb needs 

lrb>pb>iinh,i»l,lrc to be teplac d, do acc ss 
, - . «nd transfer ehr to irb. 

fetch instr 

change of flow 
fetch instr 



0 0 0 2 - IRAD • 
ira>db 

0 0 0 4 > IRTOD 
ir>ird 

0. 0 1. 5 - FIXl 
ehr>irb 



if ire needs to be replaced, 
do access and transfer chr 

fetch instr 



1 0 0 6 •» 2T0C 
irc2>irc 
iroir 
use pipe 

0 0 0 8 - CLRA 

clear irc2tX4] 
ira>ab 

0 0 0 9 - STIRA 
db»ira 
ira>pb>irc2 

0 0 0 11 - ATOC 
db»ira 
lra>pb>irc 

0 0 1 13 - EUO 

ehr > irb 
irb>pb>iah,inl 
fetch instr 

1 0 0 14 > CTOD 

lrc>ir,ird 
irb>irc 
use pipe 

1 0 1 15 • TOD 



zxtd 8 •> 32 
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chr>irb 

irb>pb> inh , iml , i r e 
iroir 
use pipe 
fetch instr 

.0 1 1 15 - TOAO 
ehr>irb 

i rb>pb> iab , iml , izc 
irOir 

change of flow 
fetch instr 
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APPENDIX XI 
MICROINSTRUCTION LISTING 



PAPA CAS 

CAS2 DWl;DW2,D01zD02r (RZl) : (R22) 
Al 

+ + + + ♦ + 

{FGli CASPl 1 367 i I DB I 

♦---♦-"♦——••—+—'-+-♦-.—+——«-+-««.„+ 
I X|INST| DT RY| . | 



"STORE 1ST POINTERS" 
XM>OB>OT 

"LATCH RMC ADDRESS INTO A4' 
% AT>DB>SAA 
% AUT>AB>SA 



X 
NIL 
X 
X 
X 

NF 
OPIPE 

1/26 



I PHI I CASP2 I 654 I I DB I 

♦-—♦-+ — .1 X 

I IRSZjDATAl RZ2| RW2| <> Tl RMc"' | 



"READ 1ST DEST" 
RZ2A>DB»A0B 
RZ2A>0B>ADT 

"STORE 1ST COMPARE VALOE" 
RW20>AB»RE6B 
"2ND POINTER TO IRC2" 
IN>OB»IRA 
"FORCE SYNC" 
RH2D>AB»D0B 
% AOT>AB>SAA 



X 
NIL 
X 
X 
X 

NONE 
NF 
USTIR 
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— - — + + 



|FI1| CASP3^ I 368 I I DB | 

I IRSZ|XNST| R22j ~RY | "<>""tI~*RMc'" | 



'READ 2ND DEST" 
RZ2A>AB»A0B 
"DO 1ST COMPARE" 
DBI N>DB> ALO> ALOT 
RECB>AB>ALO 
"STORE 1ST DEST" 
DBIN>DB>AT 



X 

C0L2 
CC2 
X 
X 

NONE 
NF 
NOD 
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+ + + + .....4. + 

|FJ1| CASP4 I 652 |CASN2 (FBI)! BC I 

I IRSZ|I11ST| RX| RW2 . I 

"DO 2MD COMPARE" 
DBI N>DB> ALD> ALOT 
RW2D>AB>AL0 
"STORE 2N0 DEST" 
DBIM>DB»RE6A 
% AT>DB>SAA 
% A0T>AB>6AA 



X 

C0L2 
CC2 
X 
X 

STPSW 
MF 
HUD 

1/10 

+ + + 

LOCZ -> CASP9 (FL2) 
'L0C2 CASP5 (FH) 



1ST COMPARE FAILS 



(CASP4) 

|FL1| CASP5 I 729 IALPS3 (CG5) 1 DB I 
1^ BXTEjlNST) RX] RX( SPC X SYNC j 



"EHD RMC MODE" 
"RESTORE PSN FROM 
% AT>DB>SA 
% AOT>AB>SA 


1ST COMPARE" 


X 

Mil. 
X 
X 
X 

LDPSW 
NF 
MOO 






1/08 


|FM1( CASP6 1 369 


i--. \ 




1 IRSZ)IMST| RXi 


RW2| • 


1 



"STORE 2ND DEST VALOE" 
RE6A> AB> ALD> RW2D 
-1>ALU 

RW2D>DB>F00LI T 
% AT>DB>SAA 
% ADT>AB>SAA 
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iPMlj CASP7 J 36a | 



I ^ll^lll W| RX|.. 

"INSTALL 1ST POINTER"""* 
DT>DB»IRA 

"MOVE 1ST DBST. VALUE" 
AT>AB»REGA 
% AUT>OB>SAA 



(FOlj CASP8 I 36b~| 
+ +.+ + 

MffflfNSTI RX( RW2| . 

"STORE 1ST OEST VALOS"" 
REGA>AB>ALU> RW20 
-l>ALn 

RW2D>OB>FOOLZT 
% AT>OB>SAA 
% AOT>AB>SAA 





+- .H 




X 




MZL 




X 




X 




X 




NONE 




NF 




8TIRA 
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X 




AND 




X 




X 




X 




NONE 




TPP 




TOD 







|EQ1| BCCB2 
+—+-+——+«. 

i X(INST| 



-i.ffi i ^'^^ SHARE 



"PREFETCH" 
% AT>DB>SA 
% AUT>AB>SA 



X 
NIL 
X 
X 

COLl 
STINS 
TPP 
TOD 
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1ST COMPARE SOCCESSFDL 
+— +. 



(CASP4) 



•WAIT FOR BRANCH 
% AT>DB>SA 
% AOT>AB>SA 



X 
HZL 
Z 
X 
X 

%STPSW 
NF 
MUD 

1/23 

LOCZ -> CASPll (PN2) 
"LOCZ -> CASP10 (FN3) 



^2ND^C0MPARB SOCCBSSFOL ' (CASP9) 



"WRITE 2ND UPDATE* 

R02D>AB»D0B 

"PT e 1ST MEM LOCATION" 

AUT>DB>AOB 

"INSTALL 1ST POINTER" 

DTy>DB»IRA 

% AT>AB>SAA 



X 

NIL 
X 
X 

X 

NONE 
NP 
STIRA 

1/06 



^r* (rail I 'or*! 



"WRITE 1ST UPDATE" 

R02D>AB»D0B 

% AUT>DB>AOB 

% DTy>DB»IRA 

t AT>AB>SAA 



X 
NIL 
X 
X 
X 

NONE 
NF 
tSTIRA 
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'END RHC MODE** 
% AT>DB>SA 
% AOT>AB>SA 



X 
MIL 
X 
X 

COLl 
tSTZMS 
NF 
HUD 
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|ET7| DBCC4 | 629 j 2-WAr;5ARr fSr"! 

I XjlNSTl RX) RY| . ; 
^~ ■♦■ 1 J ! 



"REFETCH NEXT INST" 
% AT>OB>SA 
% ADT>AB>SA 



|EU7| 0BCC5 I 783 I 

+ +-+ 

I XjlNSTl RX| RY| 



+- — — + 
X 
NIL 
X 
X 
X 

CLRFP 
3PFI 
3UOI 
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TaI'j 

-| 

X 
NIL 
X 
X 

COLl 
STZNS 
3PFF 
3UDF 
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"FINISH 3 WORD FETCH" 
% AT>DB>SA 
% AOT>AB>SA 
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211D COMPARE UHSUCCESSFUL 
— ^ .4. 



(CASP9) 



|FN3| CASP10 I 739 iPSPF2 (GJ8) i OB | 
I X|IMST| 



I X IMST RXj RyT SPC X SYNC | 



"END RMC MODE" 
% RE6B>DB>A0>A0B * 
% 18>A0 
% AUT>AB>6A 



ADO 
MIL 
X 
X 
X 

NONE 
NP 
MOD 
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CASP6 



(FMl) 



RTE OEST FOR PAPA CAS 



|FB2) CASPR I 455 ICASHl (FAI) 
j XjlMST 



I 



OT) 



RY 



"XMZTZALZZS ZRC2 (FOR RTE) " 
OT>DB»IRA 

"LATCH RMC ADDRESS INTO A4" 
% RSGB>AB»REGA 
% 0>ALO>ALUT 
% AT>DB>SAA 
% AOT>AB>SAA 



X 
AND 
X 
X 
X 

STCRC 
MF 
STIRA 



CASP2 
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Claims 



I. zn a data processor, a nethod for changing a value at a 
first location and a value at a second location, the nethod 
comprising the steps of: 

providing as a first compare value the value at the 

first location; 
providing as a second compare value the value at the 

second location; 
providing a selected first swap value; 
providing a selected second swap value; and then 
performing in an unintexruptable sequence the steps of j 
comparing the first compare value to the value at 

the first location; 
comparing the second compare value to the value at 

the second location; and 
if both of the first and second compare values are 
the same as the respective values at the 
first and second location; 
storing the first swap value at the, first 
location; and 

storing the second swap value at the second 
location. 

2. in a data processor, a method for changing the contents 
of a linked list which requires changing contents at two 
pointer locations in order to effect a change in said list, 
the method comprising the steps of: 

providing as a first compare value the value at a first 

pointer location; 
providing as a second compare value the value at a 

s cond pointer location; 
providing a selected first swap value; 
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providing a selected second swap value; and 
performing in an uninterruptable sequence the steps of; 
comparing the first compare value to the value at 

said first pointer location; 
comparing the second compare value to the value at 

said second pointer location; and 
if both of the first and second compare values are 
the same as the respective values at the 
first and second pointer locations; 
storing the first swap value as the value at 
the first pointer location; and 
storing the second swap value as the value at 
the second pointer location. 
3« In a data processor having a linked list which has an 
access counter associated therewith wherein contents at a 
pointer location and at the access counter are changed in 
order to effect a change in the list, a method for 
effecting a change in the list, comprising the steps of: 
preparing for the excution of an instruction to be 
performed by the data processor by: 

storing a first compare value, said first compare 
value read at a said pointer location which * 
must be altered to effect said change in the 
list; 

storing a second compare value, said second 

compare value read at the access counter; 

storing a first swap value, said first swap value 
to be swapped for the value present at the 
pointer location in order to effect said 
change in the list; and 

storing a second swap value, said second swap 

value to be inserted into the access counter; 
and 
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executing the instruction, wh r in the instruction 
writes the first swap value into the pointer 
location and writes the second swap value 
into the access counter if, after the 
instruction obmmences, the value present at 
the pointer location is the sane as the. first 
compare value and the value present at the 
access counter is the sane as the second ■ 
compare value. 

4. In a data processor, means for changing the contents of 
a linked list which requires changing contents of first and 
second pointer locations, comprising: 

means for providing as a first compare value the value 

at said first pointer location; 
means for providing as a second compare value the value 

at said second pointer location; 
means for providing a first swap value; 
means for providing a second swap value; and 
means for performing in an uninterruptable sequence the 

steps of: 

comparing the first compare value to .the value at 
said first pointer location; 

comparing the second compare value to the value at 
said second pointer location; and 

if both of the first and second compare values are 
the same as the respective values at the 
first and second pointer location then: 
storing the first swap value as the value at 

first pointer location; and 
storing the second swap value as the value at 
the second pointer location. 

5. in a data processor having a linked list which has an 
acc 68 counter associated therewith wherein contents at a 
pointer location and at the access counter are 
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changed in order to effect a ctaang in the list, means for 
effecting a change in the list, comprising: 

means for preparing for the excution of an instruction 

to ba performed by the data processor in which 

said means for preparing: 

stores a first compare value, said first compare 
value read at said pointer location which 
must be altered to effect said change in the 

list? 

stores a second compare value, said second compare 

value read at the access counter; 
stores a first swap value, said swap value to be 

swapped for the value present at said pointer 
location in order to effect said change in 
the list; and 
stores a second swap value, said second swap value 
to be inserted into the access counter to be 
Incremented ; and 
means for executing the instruction, wherein the 
instruction writes the first swap value into 
pointer location and writes the second swap value 
to the access counter if, after the instruction 
commences, the value present at the first pointer 
location is the same as the first compare value 
and the value present at the access counter is the 
same as the second compare value. 
6« In a data processor, means for changing the contents of 
a value at a first location and a value at a second 
location , compr is ing : 

means for providing as a first compare value the value 

at said first location; 
means for providing as a second compare value the value 

at said second location; 
means for providing a first swap value; 
means for providing a second swap value; and 
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means for performing in an uninterruptable sequence the 
steps ofs 

comparing the first compare value to the value at 
said first location; 

comparing the second compare value to the value at 
said second location; and 

if both of the first and second compare values are 
the same as the respective values at the 
first and second locations then: 
storing the first swap value as the value at 
the first location; and 

storing the second swap value as the value* at 
the second location. 
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